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ABSTRACT

The objective of this paper is to do a comparative

analysis of three of the present "State of the Art" high

noise level microphoILes. They are the h-87/AIC and

M-87/AIC+ (EV 693) boot made by Blectro-Voico and the HNL

bone conduction aicropione ubadc by SXTCOn Corporation.

The advantajes and disadvanta9os o0 using a bone

conduction microphone over a booa mounted microphone are

also investigated.
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ELI-

The cnangazrg taission objectivf-Is and requiremen]ts ;lIuL

new weapons system concepts have qoukt-rated1 the needl to

recva.luate jpzcr~nt formsu and fuuctions of aviator's personia:.I
k equipment. ban is being called upon to perforsa multiple

ro.les 0f increa.sinq coatlexity while airbsorne and these rolqs
imay imapos~e conflictiiig reqjuir.,xaonts in personal equipmuint.

Li T~he VTA-S (Visuli. 'IaL9,t Acyuiisition systeat) concept applied

to air ccrnoat manuvering reqjuires subotantial change in the
pilots Protective heln~et to meet system reguirementn.

Tradeo-fis Atetween im~iact and eye protection, sound
atte~nuat ion, size, %eight, commiunication eficiency,,

ntar~ility dnd peripheral visual ziu.ld are imkoLsed on the
tligtit ?-eJlv't int the V'jis role [i.1] hanyes In the

oxygi-n iA~ ask ind tuicroj'Lone slatemT br.L untO.-r dev4A.-ýpnicnt toI Imeet tne sy~t~cm priorities.
A piesthit day proL Ium ltis been tue inability of tki-

helicopter ciew neoher to heive re.LL.bie communication with
thei pilcts during Vk;aRi;P (vertical Re iplenI.&A m nt) and

hoicting oj~eL4tioa1ý due to very high outsidt. ambiunt noise.4

IMI-rove.d comoutticatiozi from and within aircref t;
spc~cizically, study oi iatcdlligihility oi [.re-sert uquipwaei~t
bot h for heli.Goptler to ground atid helicopter to helicopter
wa., Lecommended to the N~avy by CHABA (Cowmitteeu on IHe~ring,
Bi1oacous tics ai~d Biomecz~anic&4) [Ref.2 J.

An evdaluatio~n of aa iftteyrated microphone configuration

incorporaitc-d witaiii tiae httltuvt shell waL; unidertakenz, with

the ZcrcLnv, VxLS0, VEATLEP arzd hoiitiiuy problems in waind.

An iiitcgrated w~crojphoiie would bie useLul wheii n~alk ao.u
iDC0IIVCniCCe Of a 1:000 MicroIphone would uettac.t fLou, or

pzXuvtint mhisb-oa t:rickmuace or where slij~strc-am oiý rotvir

dcwva-, ci ic-ft~ would r ender convc~atioi&C4 air coiiu uctioii

LIPZ".cd ro



r 4  .. . . .- . .- .. .

tranducels uhusudbie. Foremost consideration was whether

Man's peLiboxiace would ue enhanced or uegraded with

integratEd personal equipment.
The evaluation pkocedures used in this study are

esseuiti• lv a play oif between ani experimental bone

conduction aicrophone ahcd a standard military air couduction

microphone.

The experimental microphone selected for tac comparison

evaluation was the ii;VL (Hfigh Noise Level) bone microphone as

supplied by SBTCOi4 Coiporation of San Jose, Califcrnia.
This microphoute was descriibed by the manufacturer as a high

noise luvel tone conduction microphone that is designed to
"fee1i" the vibrationu- oi the head when a person speaks and

to res.pond minimally to all other sounds. The manufacturer

also states that clear transmissions with good voice

recognition dnd signal-to-noise perfurmance are possible in

noise levels as high aS 115 dbA fRen.3]. 2ae HNi- was a

developed iodul ot an varlier staz:dard bone conduction

uicropuone ol the saD.e manufacturdr [Rotf.L]. The HNL

aicropnone was mounted in the ceintcr of a circulir crown

sizing pad of an APH-6D flight nelmet modie'ed in accordance

with the manufacturer aimself. See figure 1-1. Picures 1-2

thur 1-4 show in greater detail the manufacturers patented

method cf mcunting the microphune in a helmet. 2he

manaizacturer clearly points out that the HNL micropbone is a

vibration sensitive bone conduction tranducer and ireamp

combinaticn.

SETCCM does a lot of frequency shapiny in its preamp to

overcome the loses iiL the higher fre~ue,cies (sie Chapt.

1I.D.) so that its outidut Looks much the same as that of

the M-67/AIC microphon. Thnis simularity is shoun in Ligure

1-5 and 1-6. These figures are the re.ults of playing two

difterent tape recordigsJ into a "bruel Jaer Type 3347

Real-Timo 1/i Octave Pand Analy.Ai.;k.t". the first recording

(figure 1-5) had thu word ,,tweoty" recorded on it hy the

M-87/AIC and Lhe uHL micropionr:. thte second teccrdlng
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(iigure 1-o) was madL up of Ulst ui ciqht difterent words
reccrded twice, once with each aicropnone. both recordiigs

were make inside a HU-I helicopter with all the doors

closed. %he amount of sbaping is Company Confidential and

SETCOM would not release this infocmation for print in this

paper.
The !JNL microphone was compared with a standard Z-87/AIC

boee mounted dynamic lip micropaoe. The "Kreal ,t Al

hodified aynye Te.v" word list [Ref.5] wds used to evaludte
the intelligibility of both systems while being exposed to

the interior and exterior helicoptei lioise as the evaluation

criterion.
The M-87/AIC microphone (FSNJ 59t5-755-4643) was

developed as a noisel cancelling dynamic miicrophone for the

United states Air Force and it is currently being used by

all the Arued Forces as their primary aircraft micrchoiie.

The M-87/AIC is manufactured by Electro-Voice, Inc.
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Figure 1-3, Inside View of Paternted Mountinlg
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A. SPi;ECH 1IMLLIeGfIBILITY

Command control of Navy ships and aircraft depends to a

major extent on the efi-'ctiveness of their communications

systems. Demands on these systems incr.ease a&s new weapons

systems and tactics are introduced and ambient noise levels
become higher. Soo often, voice intelligibility is only

marginal to say the least. The factors that affect speech
intelligibility can be broken down into four major

categories; those associated with (1) the pcrron sending the

message, (2) his egaiuient, (3) his envxronnent, an3 (4) the

message ccntent LRef.91.

Eerscnal factors known to deirade ieech

inteiligi•l•ity include regional dialects, poor enunciation
or vocal articulation habits, and inadecquate training in the

special proeudurts and phraseologies associatwd with the

equipment or the mission.

2. j j

The design features of present day equipment are

known to degrade intelligibility by creating noise and
distortion. This plus the zequireaents of minimum bandwidth
does not lend itseif to good message transmissions.

BReucing noise ana increasing bandvidths are expensive, and

tradeoffs between expense and iutelliianility are a serious

considerdtion. Distortion often ' results from speech
processing schemea waich are introduced to overcome noise or

to make more cificitnL use of availanle Lower. Distcrtion
of another sort iiS creatad by liLe-sukport equipm•et

necessary tot high-altitude flight, such as the oxygen mask

18



worn by aircraft crew members. This enclosure over the

mouth and nose creates an unnatural cavity in which to talk.

Environwental conditions known to degrade

intelligibility ara ambient acoustic and electrical noise#

which create diversions from assigned tasks (like flying an

aircraft) and pats more unwanted stress on the performer.

Message parameters which degrade intelligibility

include large vocabularies, reports of unusual events with

seldom-used words or phrases, and snort words or phrases

vice grammatical sentences and polysyllabic words.

This study vili only address the equipment (rainly

microphones) and environmental portions of this critical

problem, specifically, those transmissions between crew

members cL helicopters over the ICS (Internal Comaunication

System).

B. HIGH NOISE ENVIRO4iENZ

The Erimary ;roblm with communications in military

vehicles is the high noise environment which they operate

in. See Table 1. As an example Figure 2-1 shows some

typical spectra for two types of military aircraft. The

exterior noise spectrum for the OV-IA twin-turbine

surveillance aircraft shows that in this case the greate.st

ambitent and also that greatest ear damage risk occurs at low

fra•u|encier. However, ior the CH-47A helicopter at cruise

power the predootinant ambient noise occurs in the mid to

high frequý.,ncv region. An estimated enveloke of maximum

military noise exposure level was obtained by combining the

data for the two aircraft [Ref.10].
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Bustling leaves 10
OVffee backround noise

Conversation 32
Street with moderate traffic
poylice wastle/vacuum clcadu so1
¥ t- truck a7-81
StzCet with heavy tralfic 1 0
Botorcycle/gas lavn acwer 100-120
CH-47 helicopter/OV-1 Mohavk 102-111
Bock music band 105-111
Araored personnel carrier (1113) 111
n60 tanik (not the gun). 114
Jet runway/carrier flight deck 138
.45 calibcir piitl. (30 fcet away) 1
40m ;ronade jaunc.he.r 147
M16 rz:fie 154-lb8
3.5-itica rocKet 171
81B mortar 186
90:t. tank gun 172-186
105 howitzer 1$5-191

NtOTE: The threshold offhysical pain
is about 120 to 140 dbA..

Table I

20
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The Valsh-Healey CriteLrioa as applied by the Department
of Labor is directed at an eight hour exposure determined by
the length of a typical working day. The Army Surgeon

General has stated that an 85 dbA (equivalent) level is more

appropriate for military personnrl because on the average
the exposure duration will probably be greater than eight

hours. Zhe estimated noise spectrum limits for this crition

are also shown in Figure 2-1.

The problem ot high interior noise levels in aircraft is
not just peculiar to the &rmy's inventory, but it is also

found in all of the Armed Force's aircraft. In the
helicopter this problem is compounded with very high

exterior ambient noise caJsed by the rotor system and other

related effects (rotor downwash# slipstream, etc.), One of
thu main reasons that this is a serious problem to the
helicopter communitj is tie missions (VWkILEP, hoisting,

etc.) that they are tasked with. Communication between crew

meiber.6 is essential to tUi, successful completion of these
missions. During these missions at least one crew mester is
always exposed to the outside ambient noise. This noise

level usually exceeds the design limits of his noise
cancelling microphone thus making communication difficult if
not impossible. The seriousness of this problem is well
known to every helicopter pilot and crew member plus it is

also on file at the Naval Safety Centet, Norfolk, Virginia
in the form cf aircraft accidents, incidents, and ground
accident reports [Ref.6]. This inability to have reliable
ccmmunication in the environment which helicopters work has
cost many lives and dollars throughout the history of
aviation.

This coiwunicatiou problem is also present with aircraft
ground handling crews (taxi diroctors, all aircraft carrier

fligiat deck personnel, etc.) of all types of aircraft.

22
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S: ¢C. M£CROP'HON1 HIlSTORY' IN AVIATItON

.Throughout the history of aviation there have beep many

attempts to build microphones or a complete communication

system tc resolve this problem oi communicaticn in high

ambient ncise. fur the crew member of a helicopter the

= greatest portion of the extorior ambient noise is wind

noise.

Air moving over a standard lip microphone is one of

the worlds best "White Noise" generators thus making
filtering almost impossinle. The next concept devised was

to shield the microphone from the ambient noise. It was

then determined that an etsy way to shield the micrcwhone

from the wind was to build one that was not pressure
sensitive. From tnis idea came the vibration sensitive
microphone. After performing sound surveys of the human

skull it was determined that the throat gave the strongest

vibration signal, but it did not have a flat frequency

*1 response. As a result of this survey and the principle that
"the most must be the best". the throat microphone came into

being in the late 19401s. As with most new designs the

faults in the sistem are always noted after it's built and
the throat microphone was no exception. The two biggest

* drawnacks were; first, it became uncomfortable to wear for

I lor.Lg pericds of time because it had to be held tight against
r the throat in order to operate properly and the secord was

due to the uneven frequency response of the microphone (no

high freguincy response) which made it hard to understand

the speaker. In human speech the lips is where you get the

final iorming of words therefore, the further the microphone
pick up is from the lips the more unnatural and unclear it

is goinq to sound.
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During the development of the second generation of

vibration microphones it was noted that the heed provided a

harder bonv structure which in turn provided a better high

frequency response than the throat, but the intensity of the

vibrations was such less. The best £zeguency response was

found to ke from the cheek bone.

These second generation vibration microphones acguired

many different names such as "Top of the Head Sissue

Microphone", "bone Knockers", "Head Contact Microphone", and

"bone Conduction Microphone", for the remainder of this

pa&er they all will be referred to as bone conduction

microphones.

D, bONE CO~rUCTzcaN MIChOPHONES

Bone conduction microphones uere first latented in the

early 1950's by General Dynamics and are now being prcducid

in all shapes and sizes by numerous companies such as Dyna

Magnetic Levices, Inc. and SETCOM Corporation.

Bone Conduction microphoues operate from energy

generated by auditory vibrations of the bones iin the heal.

The microEbone transducer is generally a sensitive, low ma&3s

accelerometer in intimate contact with the head to pick up
the bone vi],rations and generate output signals responsive
to the auditory vibrations. in many applications the
microphone ib used by persons who requiro the use of both

hands and in relatively noisy environments. Normally, in
such environment the microphone is used in conjunction with
some type of head gear such as industrial hard hats, fire,

motorcycle, riot and police helmenta.

The early bone conduction microplhones hiad serious

limitations in such a&plications. They were adversely

aftected by arabient noise tLansmitted through. the air or
through the head gear from whica they supported. Their 6ive

24



and shape make it difficult and often impossible to mount 1

the tLansducers in the head gear and so in many instances

when mounted render the head gear uncomfortable. In some

instances transducers mounted in the head gear are hazardous
in that a hard blow to the head geai may drive the
transducer into the hiead and cause injury. The audio

quality in in general, poor because the transducer is not
held in intimate contact with the head with sufficient

pressure to pick up high frequency vibrations whereby high F

frequency sound is not effectively reproduced.

NASA, prior to the Apollo Program, did an extensive

study on bone conduction Wicropholies. They had planned to

use this type of microphone in one of the early space suits.
The reason it was not used is that the test results showed
that the microphone would not pick up the "a" sound (high

frequency) and that there was very little voice recognition.
In may of 1971 the Navy did a comparative

intelligitility evaluation with a bone conduction microphone
made by Dyna Magnetic Devices, Model D551-100 and a standard

Navy noise cancelling dynamic M95A/UR lip microphone [Ref.
7]. The results of this report showed that the bone
conductior microphone intelligibility was about thirteen

per cent pcorer than that of the standard lip microphone.
This repcrt, in the discussion section, also pointed out,
"While the particular prototype microphone chosen for

comjarative evaluation did not offer improved
intelligihility, further trials of developmental transducers

should be undertaken. An integrated contact microphone
offers considerable operational appeal for certain

applicaticns such as VTAS, it communications performance is
at least equal to, if niot improved over current Navy dynamic

microphones".
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Following the recommendations of Ref. 7, a comparativc

evaluaticn war conducted between the HNL bone conduction

microphone, made by SETCON Corporation of San Jose,

California, and the Armod Porces Standard noise cancelliag

Dynamic L8-87/AIC lipl microphono , made by Llectro-Voice,

Inc. The H-87/AIC was tested with and without a foam wind
screen ccver.

The evaluation was carried out in accordance with the
procedures Let lotth by the American Standards A6sociation
(ReS.8] with exception that the "Kreul Bt Al Moaified Rhyme
Test" was used in• place of the PB-50 word lict. This
modification was done because the conclunions ofRef.9 stated

the Modified Rhyme Test of Hoube,el al, was found to te the
most acceftable speech intelligibility test for military
aircraft. A copy of this word list can be seen in kigure
3-1. There abrt- two rwasons for this change; first it takes

for less time to train the participants and second a shorter
time to ccnduct the actual test,while the results provide I
the same accuracy of the PB-50 word list. The test

proceduies bacically consists of two parts: the recording
phase and the listening phase.

A. RnCOarING PJJASE

Twc comparative microphone teLt conditions were

evaluated: (1) the microphone exposed to outside ambient
noise in fcrward flight and (2) the microphone uxposed to a

very quiet cnvironment.

2 u
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a. Cutside Ambient Noise

the conditions of high exterior noise levels was

acheived by having the taikers secured by a safety belt in

the aiter station of a Un-i helicopter with the side door

open. This was done so that his head and torso could project

out into the airstream and rotor downwash during fcrward
flight, simulating conditions that crewmen experience during

hoisting and VERTREP operations. See Figure 3-2. During

this test condition the Lelicopter was operated at 88
percent power, 60 to 65 knots forward speed at 1000 feet

altitude. The outside noise level was 110 dhA. The

exceptencc Sound Level Surveys for the HU-i helicopter
conducted by Fatuxezit River Test Center are shown in Table

II and Table III.

L. Guiet Environment

Ihe -aecond condition, R guiet environment, was
acheived ky using a vacant classroom tor the talkers to do

their reccrding.

2. Jg.ja:g,

The word lists were recordea on a lMagnavox model
1V9011 tape recorder operated at 3 3/4 per second. An

adapter was iabricated to connect the microphone directly to
the "mic" input of the tape recorder. This direct

connection was usz~ed so that only the microphones were being
evaluated and not the entire communiications system o- tne

aircraft.

3. Zkr

Iwo talkers (A and B) wer- usud during both cf the
environment conditious. Talker A always used word lists 1,

2, and 3 while talker B always used lists 4, 5, and 6, but

they di) not always use thew, irn thdt order. The exact order
in which they were used is showni in 7able IV. It also

27



liste~ngphase. The talkers were dledtedd and traiaid ib

accordance with get. 8. The carrier phase which was used
with each of the uoxds on the Modified Rhyme Test was
"HNumber _, would you circle the word __ now." The

phrases were said at a rate of 15 phrases per minute.

to LISTInING PHASE

The listeners were made up of ten people aged 24 through
33 with a mean age pf 27.1 years from all walks of life and
of both sexes. All subjects were judged to have bilaterally
normal hearing in accordance with Ref.8. Each person
evaluated the talkers in both of the environments by
listening to the tape recording on RX-2508/AIC head set as
it was played back on the same tape recorder that was used
in the taping phase, in a quiet environment. The
MX-2508/AIC head set is the standard Armed Forces head set
used by pilots in aircraft where helmets are not reguired
and by saintenaavce (Avonic•) personnel for testing
communication equipment. The evaluators were given modified
copies of Figure 3-1, see Figure 3-3, to circle their
answers cn.
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EXHIBIT 10: KREUL ET AL MODIFIED RHYME TEST ANSWER SHEETS.
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kigure j-2. Talo~er's Postion in a *IU-1 He~iccr:.tL
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I

GROUND IDLE UH-l
2

CIPCLE

RAOI•S ANGULAR POSITION DEGREES

FEET 0 30 60 90 120 150 180

10o5 110 112 N.O. N.O. N.". 115 119

25 107 111 114 115 113 115 116

50 102 109 109 109 110 111 113

100 103 104 105 111 110 105 106

200 S7 97 100 103 102 101 101
I

501 HDVEF UH-1

CIPCLE

kADIUS ANGULAR POSITICN DEGREES

FEET 0 30 60 90 120 150 180

12.5 106 105 105 106 108 108 108

25 105 105 103 106 104 Io0 113.

50 102' 1o6 108 107 106 107 105

100 103 10a I a1% 108 103 102 105

200 101 97 98 104 103 102 102

2able II. 110-1 EAtLr'n41 jiOi:;e iVelS at
GO-.-oj idle And 501 Hover (-b)
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:Wt tOVER

FREQUENCY PILOT COPILOT FLT ENG CREWMAN

OVERALL 102 102 102 102.

20-75 91 90 94 96

75•-150 96 96 92 92

150-300 94. 94 92 93 .

300-600 94 94 94 94

600-1200 93 93 92 91

1200-2400 93 93 92 91

2400-4800 93 93 95 93

4800-10,000 83 84 83 83

MILITARY RATED PCwER

FREQUENCY PILOT COPILOT FLT ENG CREWMAN

OVERALL 95 95• 10j 100

20-75 85 84 88 90

75-150 86 86 86 87

150-300 84 88 87 88

300-600 84 84 88 88

600-1200 84 83 90 8a

1'O0-2400 84 84 92 90

2400-4800 88 90 94 95

4800-10000 77 77 83 84

lable I1I. HU-1 Interial Noise Levels at
IHilitdtry Rated Power and 5Otifover (db)
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I

TALKERS TALKHBS
IN IN

NOISY 2UIET
ENVIR.ONMIENT &NY RVONIl.NT

(Aircraft) (Clasaroom)

MICRqOPHiONE A a A b

N-87/AIC 1 5 2 6

8-87/AIC+1  2 4 3

INL 3 6 1 4

---- --- I---- ---

M M-87/AIC with Foam wind Screen

Table IV. Random Word List Order
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EXIIIBIT 10i KRELUL I:T AL MODIFIED RHYME TEST ANSWkR SHE;TS.

w rito a" 1 S ut I us? ....

olft of t ves w it rest kill kid t W 7

bilko ol, f~t to kit tIIii~Iie-#i s l aeset k b| • 1iog pobkPea

lit [ ut Ut sio sfe

Ma1 teJll lil oil du"t beat Its -fit sale Oaks12.
IfitI bit ael Cape olt *il s w ig l ile e el

i t a lt vii eas eake foid gi.d meikt man II gl ale Iia
tic kit Cave C•a* olid . •.ld id L m .JLt mil tel,." 4" tab '" t[ "s : sop
I t m e I iel veat patoldI ee g. dab to .1

ekas oI del ~ soet paNe~ ply I ma doe dockfeel l ise pao@ ,a, tleeJ dPd dog &

rawT how ii. par.~ pa ra
i d raoCe bIl s i ll I pacE I keel peel bs I

I ply, rate fi l iii pad pell* reeal esl I khv f bothL ?at # a kill till. h feel keel hs bet

L h~l k a sage t ack gaI tohs tilk Pil c ff p I
b~ean. bear• Sa I l assil eI i ram at sick rick cad cobk
kel kep 1J i. _ sad L beet..JL ick kilk casm

L pemec p~eak pay vay I dci pee seat beat I dip kip
beach peat gap may het en meat bat anip t ip
- eal . -eij e .. "_ da . J ta tl*o feat er l ip__._ti_

I dip dis tea. te~ak j lb e~tc pt8 pall fe itd
d • did team ta mane ta~p I pim pick shd wed

I.' t I •l i ..tct, test Ies h sel p sed

ltP *,.P II ,-, i..• I . bCdi Ii gang beng II tee seethes
• .. ... J, L l•,•: - - I raid• k .JL .a.........e.n .see

if---.

packt dail pot din it. lanl | keel, ba¢k j hot eat

S snlk. aju• sin tin t,. ia. bat ban ott gt

IE produced from

Figure 3-3 'ust Answuv. Sheet
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Iv. 9.l•IMs..•1

The results of the comparitive tests, Table V, shows
very clearly that tne .4-87/AIC+ microphone turned out to be

the best microphone because of its high mean score and a
small standard deviation in both the guiet and noisy

environnmet.

2he foam winidscreen of the .1-87/AIC+ cuts down on the
turbulent airflow cver the microphone thus reducing a large
amount of the ambient noise while smoothing out the pops and
other harsh sounds of the talkec and the wind.

The idea of using a foam windscreen over a microphcne to
reduce outside a•bient noise (mainly wind noise) is not
original. It has Leen used by the motion picture industry
and TV corpanies in their outside work for many years.

The b-87/AIC+ m=croholne is in the hupply system under
EV 693-86417, FSN 5965-181-0213 and can be ordered from the
Defense Ilectronics Sup~ly'Center, Dayton, Ohio. The name
A-b7/AIC4 is not the offical name of this microphone, but
the results oa he±.11 proves,-that the kV (Electro Voice) 693

microphone is the sawe as the M-87/AIC plus a foam
windscreen, thus the author came up with the nick name of

M-87/AIC+.
Tho £V 693 (X-u7/AiC+) costs approximately S1U.00 while

the 6-87/AIC only costs $7.00. A K-87/AIC can be easily
converted to a EV 693 by simply putting about 50 cents worth
of foam rulber over the M-87/AIC. This Frocess will save

over $4.50 per copy.

The results of this test also shows that the HRL
aicroj&ione remained almost constant during both phases of

tn1i test and it's aean in tue noise environment wat only

%3A les than that of t•he ,i-07/AlC, iut the S.D). was alkost.

one percent greater. The cloasoeus of the.se results
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indicate thdt further comparative studies and analy-is

should be pretorted on the HNL microphone because the bone

conduction micropnone has many advanges over the standard

boom type microphone as alroady stated in the earlier

sections ct this paper.

It is further recommended that these further tests be

operation type tests and that alIl the evaluators (listeners)

be pilcts or aircrew members because they are more

accustomed to listening to message traffig in this type of

environment and at a faster rate than vhat the normal ;erson

is use to hearing.
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TALKERS TALKERS TALKERS

USING A USING A USING A

M-87/AIC M-87/AIC+I HNL

MICROPHONE MICkOPHONE MICROPHONE

.LASSROCM AIRCRAFT CLASSROOM AIRCRAFT CLASSRCOP AIRCRAFT

A B A B A B A B A 8 A B

96 96 92 96 100 98 96 100 92 94 90 54

194 88 92 90 100 96 94 S6 86 82 82 92
*n- - I-il i- i - • . . . ..

294 94 92 96 98 100 96 98 82 68 88 96

3 91 96 92 86 100 96 94 94 94 94 84 92

498 94 92 90 100 100 94 94 94 S2 88 96

"5 96 94 90 90 100 98 9a 94 ba 100 86 92

696 56 94 92 100 98 94 96 68 94 94 S6

796 92 96 i0 98 98 96 88 92 92 86 96

a 98 96 96 98 100 100 98 94 96 98 92 S4

96 92 92 90 100 96 96 96 94 94 92 ib

MEAN*95.1 MEAu9I.? 4EAN-98.0 MEAe0-95.0 M.EAN-91.7 MI.AN-91.4

S.L.=2.*47 S.D.s3.85 S.D.-1.51 SoDo-2.4/ S.oD.4.74 S.O.D4.45

S.D. - UNBIASED ESTIMATE OF THE TRUE !TANDARD DEVIATION

Table V. The Ten Listesiecs (0-9) Scoro-s (in perccat)

ReprdC4fo
3.b.prod ,,,c '.eo, .[bst ovilal oY•.
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1. Commander Naval !Minsile Center Letter 5211: Serial 596
to Commandar navi~aval A ir 5ysteiu Comamgzd, Subject:

TA I~ 1A I 1 arct 19~ 1.

2. Comumittee on Hearing, Bioacoustics and Biomechai 9

JQD~ gtetiilo §"A4fllU hlJI2g9 by Working

3. SfcTCC~hcnCorporation, Specifications for HNL Bone
H±roh nflta 7145-Free Pace-Free AcqgRj 2
19132a -e 7AýIl 19747------

4. SETCCM Corporation, Spocieicatiora& for Standard Bone

Marcb 1973.

5. Naval Ilectronics Laboratory Center Techniical Document
191, Sq~r~g of l~eec 1pjn1MteriaI And ~Cal.

.k- Y J e. id~lteU, p.- -7277 13-3oZUIGIf

6. Naval Safety Coiiter Job Numbiur 41136i38, n in
,RGý2 tJjz)dg#p~ p. 1-127, 2 m~ay 197~4.

7. Commwander Naval tHissile Cent~er Letter 5211: Serlal
1636 tc CommndLr NavalJ G.rSsm Caminand (;Lr -5.1),

eu 'ct: gom-grati.ve Inta4iirsb11.TI lv.uat tf ,th r

8. American Standards Association B~eport S3.2-1960

9. Naval Electronic Laboratory Center Task N~umber NR

213-089# Spgeqgcntnelligibillt ill 2II 41gl

10. United States Ar;MY Electronics Commiand Bie ort

by '.T.~ II ~ TI~ A 31 a~ndai TI
ififilttP. 2-4, July 191973a.

11. CoumandeL Ndval rdi.~le Center ~jotteL 5211: Seria.l 396i0
tc Ccmiadiijder Naval Air *uveloj~auit Center Su aect.,

gVDItjIV twi_4 2ýO~ E. I aa tiai. ica fc WAA. 4
gIIL ift2_.22"i

fta~ 2.dc 
r


